). Moreover, vegetable oils are rich in unsaturated fatty acids, which are less stable to oxidation than saturated fatty acids (Choe & Min, 2007) . Olive oil has been established more stable than other vegetal oils to thermal degradation due to its high amount of MUFA (Koski et al., 2002) and to the content of phenolic compounds (Teissedre & Waterhouse, 2000) .
As avocado oil has not been considered as an important source of oil, few studies have been developed about its properties for culinary application.
The objective of this work was to study the stability of the saponifiable and unsaponifiable fractions of avocado oil under a drastic heating treatment and to compare it to that of olive oil.
MATERIALS AND METHODS

Materials
The oils used in this study were Extra Virgin Olive Oil (Koipe, Sos Corporación Alimentaria, S.A., Madrid, Spain) and Avocado Oil (Denova Products cc, Louis Trichardt, South Africa), which is derived from the first pressing of the mature fruit using the cold-pressed method and blended with refined oil. 5 -cholestane, 2-thiobarbituric acid, -tocopherol acetate 98 %, -tocopherol 97 %, tetraethoxypropane and fatty acid methyl esters were purchased from Sigma-Aldrich Chemical (Steinheim, Germany). Tri-sil reagent was obtained from Thermo Scientific (Bellefont, PA, USA).
Boron trifluoride/methanol and BHT were obtained from Merck (Whitehouse Station, NJ, USA). KOH, hexane, cyclohexanone, methanol, hydrochoric acid, trichloroacetic acid and ammonium sulphate were from Panreac (Barcelona, Spain). Ethanol was purchased from Oppac (Navarra, Spain) and HPLC grade methanol from Scharlab (Barcelona, Spain).
Heating study
For the heating study, sets of 5 g of both oils were placed into test tubes (PYREX Culture Tubes 16x100 SVL SCRE) and subjected to an intensive heat treatment. The test tubes were placed in the thermo block (Temblock, Selecta , Spain) previously stabilized at 180 ºC. Test tubes were left open and removed from the thermo block at different heating times up to 9 hours. Then, the samples were cooled in an ice bath for 20 minutes. Finally, the tubes were covered and stored in the freezer (-20 ºC) until analysis.
Oil analysis
Fatty acid profile
Fatty acids were determined in the oils by gas chromatography FID detection, previous preparation of the fatty acid methyl esters derivatives. Boron trifluoride/methanol was used for the preparation of fatty acid methyl esters (AOAC, 2002) . A Perkin-Elmer Clarus 500 gas chromatograph, equipped with a split-splitless injector, automatic autosampler, and coupled to a computerized system for data adquisition (TotalChrom, version 6.2.1) was used. It was fitted with a capillary column SP TM -2560 (100 m×0.25 mm×0.2 m). The temperature of both the injection port was 250 ºC and detector was 260 °C, the oven temperature was programmed to increase from 170 to 200 °C at a rate of 10.0 °C/min and then at rate of 4.0 ºC/min to 220 ºC. The carrier gas was hydrogen, 30.0 psi. The sample size was 0.5 l and the split ratio was 120. The quantification of individual fatty acids used heptadecanoic acid methyl ester as internal standard. The identification of the fatty acids was done by comparison of their retention times with those of pure fatty acid methyl esters. The sampling times for this parameter were 0, 3 and 9 hours.
Determination of Sterols
Three grams (± 0.02 g) of oil sample and 1mL of internal standard (5 -Cholestane: 2 mg/mL chloroform) were subjected to saponification and further extraction of the unsaponifiable fraction. Ethanol (20 mL) and KOH (50%) (5 mL) were added to the sample and subjected to a warm agitation for 1h (<50 ºC). 13 mL of distillated water were added and six extractions with 20-25 mL of hexane were done, collecting the organic phase of each extraction, which were all merged. Solvent was rotavaporated and the sample was further dried under nitrogen flow. This unsaponifiable fraction was derivatized with 400 L of Tri-Sil in a hot water bath (60 º C for 45 minutes) to form the trimethyl silyl ether (TMS) derivatives. The excess of Tri-Sil was evaporated under nitrogen flow and the sample was diluted in 10 mL of hexane. The TMS derivatives of sterols were analyzed in an HP 6890 GC system (Hewlett-Packard, Palo Alto, USA) coupled to a 5973 Mass Selective Detector (Hewlett-Packard). 1 L was injected into GC, equipped with a capillary column (30 m x 250 m x 0.25 m nominal HP-5MS).
The carrier gas was He (1 mL/min), and the chromatographic conditions were as follows: initial oven temperature was maintained during 0.5 min at 85 ºC and subsequently programmed from 85 to 290 ºC at a rate of 50 ºC/min and at a rate of 0.5 ºC/min from 290 to 298 ºC. The injector and the detector temperatures were set at 280 ºC and 300 ºC, respectively. Acquisition mass range was established between 50.00 and 550.00 uma. Electron impact at 70 eV. Identification of the peaks was based on comparison of their mass spectra with the spectra of the Wiley library (HPCHEM, Wiley, 275, 6 th ed.) and also with those obtained from the literature. In some cases, a comparison of their retention time and MS fragments with those of TMS ether derivatives prepared from standard pure compounds was also done.
The amounts of the different sterols during the analytical procedure in oils were calculated on basis on the amount of a specific ion for each peak (Table 2) , and taking into account the relative proportion in which this ion is present in each compound:
mg sterol/100 g oil = 100*(PA s * F)(m is )/(PA is )(m) The sampling times for this parameter were 0, 3 and 9 hours.
TBARs value
TBARS values were determined on oil basis according to the method described by Maqsood & Benjakul (2010) with slight modifications. Briefly, the TBARS reagent was prepared by mixing 15 % w/v trichloroacetic acid, 0.0375 % w/v 2-thiobarbituric acid in 0.25 N hydrochloric acid. The oil (0.5 g), distillate water (0.5 mL), 20 µL of BHT (1%) and the TBARS reagent (2 mL) were vortexed in a centrifuge tube immediately after combining, for 30 sec, placed in a boiling water bath for exactly 15 min and then cooled in an ice bath to room temperature. Cyclohexanone (4 mL) and ammonium sulphate (1 mL, 4M) were added to the mixture and were vortexed for 30 sec. The mixture was centrifuged at room temperature at 4000 rpm for 10 minutes. The supernatant was collected and the absorbance was measured at 532 nm. A calibration curve with TEP (tetraethoxypropane) was done for quantification purposes, using the same procedure as with the sample. Results were expressed in mg of malondialdehyde (MDA) equivalents/ kg product. The sampling times for this parameter were 0, 0.5, 2, 3, 6 and 9 hours.
Tocopherol analysis
The determination of the tocopherol content in the oils was done by HPLC-UV analysis.
0.1 g of oil and 0.1 mL of internal standard ( -tocopherol acetate 10 mg/mL solved in Methanol/Water (97:3) at 1.5 ml/min flow. The UV acquisition was recorded at 292 nm for 12 min run. Identification of -Tocopherol was done using the retention time of the pure standard compound (RT = 4.5 min) (Vitamin E 97 %) and its characteristic UV spectra. The quantification was performed using a calibration curve previously plotted with Tocopherol acetate (RT = 7.5 min) (Vitamin E acetate 98 %). The sampling times for this parameter were 0, 1, 2, 3, 4 and 5 hours. of the total fatty acids and lower (6 %) and higher (9 %) amounts for palmitoleic and vaccenic acids (both MUFA), respectively. Compared to olive oil, the MUFA content was significantly lower, especially due to the higher amount of oleic acid shown by olive oil, which, at the same time, showed lower amounts for palmitoleic and vaccenic acids. The lower MUFA content showed by avocado oil was partially compensated by its higher PUFA content, containing interesting amounts of both omega-6 and omega-3 fatty acids. Avocado oil contained more than 2-fold the amount of linoleic acid present in olive oil, being this acid quantitatively the third fatty acid in both types of oils. Also -linolenic was slightly, but significantly higher in avocado oil compared to olive oil.
Statistical analysis
Trans fatty acids amount was 0.52 % in avocado oil, slightly higher than the amount detected in olive oil (0.33 %). Ortiz Moreno et al. (2003) found values for total trans fatty acids in avocado oil between 0.33 to 0.87 % depending on the method of extraction used. In that work the use of microwave and squeezing resulted in the lowest trans fatty acids content, whereas the use of acetone increased the trans content up to 0.87 %.
These differences detected in the fatty acids profile gave rise to some significant differences in the ratios with interest from the nutritional point of view. The ratio PUFA/SFA was higher in avocado oil than in olive oil, whereas PUFA+MUFA/SFA was lower. Moreover, -6/ -3 ratio was higher in avocado oil (14.05) than in olive oil (8.41), due to the high amount of linoleic acid ( -6). Regarding these two last data, avocado oil did not show from the nutritional standpoint, an advantage compared to olive oil.
The unsaponifiable fraction of avocado oil showed also some significant differences compared to olive oil. The differences between the two oils were illustrated in figure 1 and table 2, where two TIC GC-MS chromatograms are shown, one for each type of oil.
As it can be observed, some coleutions were noticed, and the different ions used for the monitorization and quantification of the compounds by SIM mode (single ion monitoring) analysis are shown. The most abundant compound in both oils was sitosterol, as it will be discussed below, that corresponded to peak G. The peak that followed sitosterol contained mainly 5-avenasterol, accompanied by sitostanol at the leading edge and by -amyrine at the tailing edge. Similarly, a coleution is observed for peaks compressed within RR between 1.07 and 1.08, which were identified as 7-sitostanol, cycloartenol, cycloeucalenol and 7-avenasterol, according to literature MS data. Five of the quantified compounds in this work were not identified or found in the literature. These compounds accounted for a 4.4 and 11.5 % in olive oil and avocado oil, respectively. Further studies are needed to understand better these compounds, both in their characterization, as well as in their potential effects on health.
As it was expected, the amount of sterols in the avocado oil was much higher than that of olive oil, 339.64 and 228.27 mg/100g oil, respectively (Table 3) Also other 4-desmethylsterols are present in avocado oil in significant amounts as campesterol (18 mg/100 g), 5-avenasterol (9.4 mg/100 g), 7-sitosterol (2.8 mg/100 g), sitostanol (2.2 mg/100 g) and stigmasterol (1.1 mg/100 g). The other two fractions, 4-monomethyl and 4,4'-dimethylsterols, were 2.7 % and 5.5 % from the total sterols with citrostadienol and cycloartenol, as the main compounds from each one.
The analysis of the olive oil sterol profile was significantly different. It showed percentages of 48.4 %, 3.2 % and 44.0 % for 4-desmethyl, 4-monomethyl and 4,4'-dimethylsterols, respectively, being these results similar to those found by D´Evoli et al. analyzed avocado oil and they found 6.04 mg/100 g oil, much lower amount than that obtained in this work.
Effects of heating treatment
Oil behaviour during heating was evaluated by the evolution of TBARs (Figure 1 ) and also through the analysis of the modifications suffered both by the saponifiable (fatty acids, Table 1 ) and the unsaponifiable fractions, including the analysis of vitamin E along the heating treatment (Figure 2 ).
TBARs measure the formation of products derived from fatty acids oxidation.
Comparing the fatty acid profile at 0 and 3 h of heating it can be observed that SFA increased in 0.46 g and 0.18 g in avocado and olive oils, whereas the unsaturated fraction (MUFA+PUFA) decreased in 0.52 g and 0.23 g in avocado and olive oils, respectively. These results corresponded to the increment for TBARs found during the first hours of heating (1, 2, 3 and 6 hours). TBARs was slightly higher in avocado than in olive oil before heating, and during the first 2 hours of treatment, it showed a similar increment in both oils (+0.35 and +0.49). After that, the magnitude in the increment was higher in olive oil than in avocado oil (+2.03 and +1.04, respectively) reaching the maximum values at 6 h. It has to be remembered that unsaturated fatty acids are more prone to oxidation than SFA. There were no data available for fatty acids at 6 hours of heating but analyzing the evolution from 3 to 9 hours it can be observed that SFA fatty acids content during 13 days of cold storage. In the case of TBARs, although a similar decrease was observed for both oils during the last 3 hours, data showed significantly higher TBARs in olive than in avocado oil. These data pointed out to a higher stability of the saponificable fraction of avocado oil during heating.
The oils stability against oxidation depends not only on the degree of unsaturation, but also on the amount of antioxidants present in the unsaponifiable fraction. Tabee et al. Only the compounds that appeared in low amounts disappeared with heating process, but most of the sterols, although significantly reduced, did not totally disappear.
Regarding olive oil, after 3 h heating, a 93 % of the initial sitosterol content remained, whereas after 9 h, a 90 % remained. Regarding avocado oil, a 76 % and 86 % of the initial sitosterol content remained after heating 3 and 9 h, respectively. According to what occurred with fatty acids of avocado oil at 9 h of heating, total phytosterols increased significantly. Winkler, Warner & Glynn (2007) in an interesting paper over the effect of deep-fat frying on phytosterol content in different oils (olive and avocado oils not included) concluded that their loss appear to be unrelated either to fatty acid composition or to the extent of oil degradation.
Vitamin E is sensitive to heat treatment. It disappeared after 4 and 5 h of treatment in avocado and olive oil, respectively. The decrease was quicker in avocado oil, reaching at 2-3 h a 57 % of loss, in contrast with the 26 % of loss in the case of olive oil. The decrease of vitamin E amounts showed a high correlation with the increase of TBARs during the first 6 h (R Pearson was -0.908 and -0.912 for olive and avocado oils, respectively; p<0.001).
In conclusion, avocado oil showed higher PUFA/SFA ratio and higher omega-6/omega-3 ratio than olive oil. The amount of the main sterol, sitosterol, was more than 2-fold abundant in avocado oil compared to olive oil. Whereas 4-desmethylsterols were predominant in avocado oil, 4-desmethylsterols and 4,4-dimethylsterols were similarly distributed in olive oil. According to TBARs results and the lipid profile, the stability of avocado oil during heating at 180 º C was similar to that of olive oil.
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